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ABSTRACT 
Phakopsora pachyrhizi, the causal agent of soybean rust (SBR), is a serious disease on 
soybeans.  The objectives of this project were to identify additional alternative and possible 
overwintering hosts of the SBR pathogen and to validate the current detection assays for SBR.  
For the first objective, we attempted to identify naturalized Louisiana legume(s) that can serve as 
hosts and overwintering sites for P. pachyrhizi. It was theorized that New Iberia and Iberville 
Parishes in south Louisiana are usually the first locations of soybean infection in the spring. This 
suggests that there may be alternative leguminous hosts located in these parishes that may serve 
as overwintering hosts for P. pachyrhizi. Over 100 species of naturalized legumes were tested in 
field experiments to identify susceptible alternative hosts of the pathogen from November to 
May.   For the second project, samples of P. pachyrhizi were collected from different parishes 
across Louisiana and sequenced across the ITS locus.  These sequences were analyzed for 
variability within the locus and compared to the standard used in the current assay for pathogen 
detection. The Frederick et al. (2002) assay discriminates between P. pachyrhizi and P. 
meibomiae, a closely related mildly virulent species on soybeans in the US.  A second assay, 
Barnes et al. (2009), was designed to detect a single spore of P. pachyrhizi in rain wash material, 
to monitor spore deposition and predict the movement of SBR in major soybean-producing 
states. However, the Barnes et al. (2009) assay has been shown to produce false positive and 
false negative results when used to detect the presence of P. pachyrhizi in North America. We 
tested five other Phakopsora spp. by both assays and found that only the Barnes et al. (2009) 
assay was able to detect all other Phakopsora spp. that were tested. Furthermore, the DNA 
segments used in the Barnes et al. (2009) assay, the primers had base pairs similarities that were 
100% with other Phakopsora spp. and more than 60% with the specific P. pachyrhizi probe. In 
addition, we had determine that neither assay was placed in variable regions of the ITS locus.  
 INTRODUCTION 
Soybean (Glycine max) is one of the most studied, grown, and consumed crops 
throughout the world. It is the third-most-important crop in the United States, behind rice and 
wheat, resulting in a multi-billion dollar industry. In the 1960s the United States produced 90% 
of the world soybean harvest. A recent survey showed that Brazil is now the largest soybean 
exporter (39% of the world market), closely followed by the United States (37% of the world 
market) (Song et al. 2007).  Soybeans are traded in seven international crop exchange markets. 
Several products made from soybean are produced for non-human consumption, including cattle 
feed and an alternative source of fuel. Soybeans are well-regarded for their health benefits, such 
as omega-3 fatty acids, natural phenols (isoflavones and glyceollins) (Sacks et al. 2006), 
cholesterol reduction properties, and phytic acids (Vucenik et al. 2003). The United States is 
expected to export 39.8 million tons of soybean for the 2010-2011 fiscal year (USDA 2011 
http://www.fas.usda.gov/oilseeds/circular/2011/March/oilseeds.pdf). In order to protect this large 
industry, soybean farmers and scientists have created organizations such as the United Soybean 
Board and the American Soybean Association to fund research to prevent and combat several 
soybean diseases that threaten production. In 2010, an estimated $470 million dollars in soybean 
production was lost as a result of soybean diseases (Wrather et al. 2011), causing up to 90% total 
crop loss. One of these diseases is soybean rust (SBR), which is caused by the fungal pathogen 
Phakopsora pachyrhizi (Syd. & P. Syd.)  
Phakopsora pachyrhizi was identified and described in Taiwan (then known as Formosa) 
in 1902 (Sydow 1914). It had spread throughout Asia and Australia by 1935 (Kochman 1977), to 
India by 1955 (Sharma et al. 1996), Hawaii by 1994 (Killgore et al. 1994), Africa by 1996 
(Akinsanmi et al. 2001), South America by 2001 (Yorinori et al. 2005), and was found in the 
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continental United States in 2004 (Schneider et al. 2005). SBR has caused 60-90% yield loss in 
commercial soybean production in Taiwan and Brazil (Bonde et al. 2006).   
Phakopsora pachyrhizi is a host family-specific obligate basidiomycete fungal parasite 
that survives on green tissue found on plants in the Fabaceae family, more specifically in the 
subfamily Faboideae, on hosts such as soybeans, kudzu, and other legumes (Bromfield 1984). 
Faboideae legumes are susceptible to infection by the asexual spores (uredinial stage) of P. 
pachyrhizi and can serve as overwintering hosts. Phakopsora pachyrhizi is a tropical rust fungus 
that is invasive to the United States and can overwinter on established alternative hosts in 
suitable subtropical areas like Florida. The leguminous vine, Pueraria lobata (kudzu) is a known 
alternative host that proliferates and survives in the southern winters and has been documented as 
an overwintering host for P. pachyrhizi in Florida (Harmon et al. 2006). Additional alternative 
hosts that are susceptible to SBR have been identified through greenhouse studies and field 
evaluations. Even though kudzu has been proven to be an overwintering host in Florida, this has 
not been observed in any other state and raises the question of where additional possible sources 
of inoculum in southern states could arise. This lack of information about SBR overwintering 
sources of inoculum in other regions of the United States has lead SBR researchers to pose 
several questions: whether new inoculum comes only from Florida, or whether there is an 
additional source of inoculum from a different area and if other hosts may also act as inoculum 
sources. 
The source of new inoculum each year is assumed to be the asexual stage of the 
pathogen, through a continual propagation of urediniospores. These propagules remained viable 
in kudzu patches or on other alternative hosts that survive in southern states during winters and 
provide sources of inoculum for the next year’s infection cycle.  
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 Urediniospores of P. pachyrhizi are obvoid to broadly ellipsoidal, hyaline to pale 
yellowish brown with a minutely echinulate thin wall, and measure 18–37 × 15–24 μm (Ono et 
al. 1992). Paraphyses are cylindric to clavate and slightly thickened at the apex, colorless to pale 
yellowish brown, and 25–50 × 6–14 μm in size (Ono et al. 1992). The ideal environmental 
conditions for P. pachyrhizi to germinate and colonize the host are prolonged wetness, 
temperatures of 59–89F, and humidity of 75–80%, according to Ono et al. (1992). No alternate 
host has as yet been determined, although Yeh et al. (1981) have reported the presence of a telial 
and basidial stage, and the telial stage also was reported by Ono et al. (1992). 
Phakopsora meibomiae (Arthur) Arthur (1917) is another rust fungal pathogen that can 
cause disease on soybeans, although it is considered less aggressive than P. pachyrhizi because it 
has not caused an epidemic on soybeans in South America. It has been found in Puerto Rico 
(Frederick et al. 2002). For many years, P. meibomiae and P. pachyrhizi were considered to be 
the same species (Bromfield 1984; Ono et al. 1992; Frederick et al. 2002; Anderson et al. 2008) 
even though the morphology (Ono et al. 1992), environmental conditions (Vakili et al. 1976; 
Ono et al. 1992) and host range (Ono et al. 1992) can differ slightly. Recent studies from 
Frederick et al. (2002) and Anderson et al. (2008) showed through molecular tools how P. 
pachyrhizi and P. meibomiae were different.  
There are many hypotheses about the dissemination of P. pachyrhizi from country to 
country. One of these hypotheses was that the introduction of P. meibomiae to the United States 
would be possible via the clothing of people entering the country, in which the urediniospores 
could be shielded from harmful environmental in a manner similar to that by which the 
urediniospores of P. pachyrhizi were transported to Europe from the United States on clothing 
(Hartman et al. 2009). 
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Determining the source of inoculum every year is crucial in ascertaining where SBR is 
present and whether it is spreading. Diagnostic assays (Frederick et al. 2002 and Barnes et al. 
2009) have been developed for conventional and real time PCR to confirm the presence of the 
SBR disease. Frederick et al. (2002) developed an assay to detect and discriminate between two 
soybean rusts, P. pachyrhizi (SBR) and P. meibomiae, using conventional and real time PCR. 
Sentinel plots are planted throughout the major soybean-producing states in the United States 
and are scouted weekly for infected soybean or kudzu leaves. All infected samples are collected 
by the scouts, and confirmation of SBR is obtained with molecular assays. If a sample tests 
positive, the results are uploaded onto the Integrated Pest Management for Pest Information 
Platform for Extension and Education monitoring system (ipm-PIPE) to alert soybean growers of 
the presence and movement of SBR within the USA. Based on the information in the ipm-PIPE, 
it appears that New Iberia and Iberville Parish in south Louisiana are generally the first source of 
SBR inoculum. This suggests there may be alternative hosts located in these parishes on which 
SBR is capable of overwintering that may be providing the source of inoculum for current and 
continuing years of SBR infection. 
In an effort to predict the movement and possible sources of inoculum of SBR spores, a 
new assay was developed by Barnes et al. (2009) to determine the current location of SBR spores 
from detection of a single spore through rain wash materials collected through spore trapping. 
This assay can predict the spore deposition over soybean growing areas and help alert soybean 
growers to where SBR spores are present in the sky.  While the assay was being developed 
(2007-2009), it predicted that there was heavy SBR spore deposition present in the major 
soybean producing states, indicating that if the SBR spores were viable and environmental 
conditions were suitable, they could start infection of soybeans. However scouts were unable to 
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find any infected soybeans in commercial or sentinel plots where heavy spore deposition was 
indicated. The Barnes et al. (2009) assay was tested against other rust species but not against 
species within the genus Phakopsora, leading to our hypothesis that these “positive” results of a 
heavy spore deposition over the major soybean producing states could be false positive results in 
which the Barnes et al. (2009) assay was detecting other species of Phakopsora, that might be in 
the air and identifying them as P. pachyrhizi. In addition to these false positive results, the 
Barnes et al. (2009) assay had also reported no spore deposition over heavily infected soybean-
growing states such as Arkansas, Mississippi, and Louisiana. These results suggest that the 
Barnes et al. (2009) assay might not be detecting certain strains of P. pachyrhizi because the 
primers and probes might have been placed in areas that contain single nucleotide 
polymorphisms (SNP)s or indels between strains, and causing variation. If there is variation 
within the same region of the primers and probes, they will not detect samples of P. pachyrhizi.  
This thesis research was designed to address the following questions: 
1) What are the possible overwintering hosts in south Louisiana that provide 
inoculum for the following year?  
2) Is the Barnes et al. (2009) assay detecting other Phakopsora spp. creating false 
positive results? 
3) Are there SNPs and indels where the primers and probes were placed and, if 
so, can the full range of the pathogen be detected by the Barnes et al. (2009) 
assay? 
These experiments were conducted from fall 2009 - spring 2012. 
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CHAPTER 1: IDENTIFYING OVERWINTERING ALTERNATIVE HOSTS FOR 
PHAKOPSORA PACHYRHIZI 
1.1 Introduction 
 Phakopsora pachyrhizi overwinters in the southern United States on kudzu and possibly 
other legumes (Jurick 2008). Out of the three subfamilies of Fabaceae, Faboideae is known to be 
the only one with species susceptible to SBR (Slaminko et al. 2008a; Lynch et al. 2006). 
Phakopsora meibomiae is another species known to infect soybeans (Glycine max), kudzu 
(Pueraria lobata) and other legumes, but it is not as aggressive as P. pachyrhizi on these hosts 
(Miles et al. 2003). In major soybean production areas, P. pachyrhizi is more aggressive and 
virulent and is therefore more prevalent than the less aggressive pathogen, P. meibomiae 
(Bromfield et al. 1980).  
It is theorized that P. pachyrhizi was introduced into the southern United States by 
Hurricane Ivan in September 2004, as the spores of SBR would have had sufficient cloud cover 
to protect them from ultraviolet radiation, which is capable of making the fungus less viable 
(Isard et al. 2006).  In addition, it is also hypothesized that the spores spread throughout the 
southern, central, and northeastern United States via rain and wind. The spores were then 
deposited in soybean canopies (Isard et al. 2011). An online monitoring system, the Integrated 
Pest Management for Pest Information Platform for Extension and Education (ipm-PIPE), is 
dedicated to helping scientists and farmers monitor the location of SBR on a daily basis 
throughout the United States by reporting results from scouts who continually monitor soybean 
fields, kudzu-infested areas, and other known susceptible legumes.  
In 2008, 65 host species were determined to be susceptible to P. pachyrhizi through 
greenhouse evaluations, with 62 of those species occurring in the southern USA (Jurick et al. 
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2008). There has been a focus on Caragana arborescens, a perennial tree, Crotalaria incana, a 
perennial forb/subshrub, and Crotalaria lanceolata, an annual forb, because of their 
susceptibility to P. pachyrhizi and ability to survive during the harsh winter which makes these 
legumes possible overwintering hosts in the southern USA (Jurick et al. 2008). Pueraria lobata 
(kudzu) is already known to serve as an overwintering host in Florida by providing inoculum for 
the next year (Harmon et al. 2006). It is known that SBR can survive winters in Florida on kudzu 
even when temperatures dip below 0oC for no more than five hours, but the kudzu leaves must 
still be attached to the stems because defoliation of kudzu would reduce inoculum (Jurick et al. 
2008). Slaminko et al. (2008a) tested 263 legume accessions from Germplasm Resources 
Information Network (GRIN) in field evaluations in Florida, where SBR is very prevalent.  Of 
these accessions, 153 were susceptible to infection by the SBR pathogen, whereas 81 accessions 
promoted sporulation and 71 accessions tested positive for P. pachyrhizi using the Frederick et 
al. (2002) PCR assay (Slaminko et al. 2008b). The genera that were of interest because of their 
susceptibility were perennials in the genera Crotalaria, Desmodium, Lathyrus, Macroptilium, 
Phaseolus, Tephrosia, and Vigna (Slaminko et al. 2008b).  Appendix B lists all known 
alternative hosts of P. pachyrhizi as determined via greenhouse studies and/or field evaluations, 
observations of sporulation, and the diagnostic tools used to test for positive results of P. 
pachyrhizi. Field evaluations were conducted on species of the following genera: Crotalaria, 
Desmodium, Lathyrus, Macroptilium, Phaseolus, Tephrosia, and Vigna, which were previously 
tested, and other genera such as Vicia and Lotus, that were not previously tested and that are 
naturalized in Louisiana. 
Other than kudzu, there have been no reports of an overwintering host in Louisiana. New 
Iberia Parish, St. Mary Parish, and Terrebonne Parish have been the first parishes to verify 
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soybean rust disease occurrences each year, followed by East Baton Rouge, West Baton Rouge, 
and Livingston Parish.  We planted in New Iberia Parish and St. Mary Parish because of its 
locality near several soybean fields that are early source of inoculum every year. In addition, 
New Iberia Parish, St. Mary Parish, Terrebonne Parish, East Baton Rouge Parish, West Baton 
Rouge Parish, and Livingston Parish were chosen because of their consistency of having SBR 
early in the year, every year; the large production of soybeans produced in these parishes; and 
because of the amount of wild kudzu and other legumes that proliferates in these areas.  
1.2 Background, Justification, and Experimental Approach: 
1.2.1 Field Evaluation of Alternative Hosts: Plant alternative hosts (early February 
until May) that are known to be susceptible, based on prior greenhouse and field evaluations or 
herbarium records, in addition to other untested legumes that are commonly found in Louisiana 
in parishes where SBR is reported annually.  
1.2.2 Evaluation of Wild Legumes: Look for naturally-occurring legumes in or near 
soybean fields that are infected with SBR (October-March) and confirm identity of pathogen(s) 
through DNA sequencing. 
1.2.3 Collection of Phakopsora pachyrhizi within Louisiana: Collect infected soybean 
and kudzu leaves for evaluation of the internal transcribed spacer (ITS) rDNA region in a large 
collection of isolates from these two hosts. 
1.3 Objectives: 
The major goals of this experiment are: 
1) To identify additional alternative hosts in Louisiana through field evaluation of planted 
and wild legumes; and 
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2) To determine whether these alternative hosts for P. pachyrhizi, other than kudzu, could 
serve as overwintering hosts (November-June) in Louisiana, and whether they are located in 
major soybean growing areas such as New Iberia Parish, St. Mary Parish and Terrebonne Parish.  
1.4 Materials and Methods: 
1.4.1 Locations 
1.4.1a. New Iberia Parish (location: 29.981004oN, 91.761192oW; elevation about 4 
meters), has been a consistent location for the first report of soybean rust in Louisiana each year 
since 2006. The primary source of inoculum is leaves and stems of Pueraria lobata (kudzu), 
which grows in unmanaged ditches (about 13 feet deep and 40 feet wide) in New Iberia, LA. 
Pueraria lobata (kudzu) has survived winters and provided inoculum in the uredinial stage for 
each year since 2009. I have observed this area by checking for any signs and symptoms of rust 
fungi with a hand lens. Any infected plants would be brought back to the lab and re-observed 
through a dissecting scope to confirm the presence of rust spores. Then I used molecular tools to 
identify the rust. This observation and monitoring of the infection rate on kudzu was done from 
2009-2011 during fall, winter, and spring seasons.  In addition, I observed Sesbania spp., Vicia 
spp., Trifolium spp., and Wisteria spp. for signs and symptoms of SBR. 
1.4.1b. St. Mary Parish (location: 29.454410 oN,  91.245657 oW; elevation about 2 
meters) is also a consistent location for early reports of soybean rust in Louisiana. I planted one 
250’ row between Franklin and Centreville, Louisiana with 70 species, eight varieties, and three 
subspecies of legumes. Two varieties of soybeans were included as positive controls. This 
location is 25 miles from the New Iberia Parish location.  
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1.4.1c. Terrebonne Parish, East and West Baton Rouge Parish, and Livingston 
Parish were also surveyed for legumes showing signs and symptoms of rust fungi using a hand 
lens. 
1.4.2 Field Evaluation of Alternative Hosts: All species were ordered and obtained 
from the National Plant Germplasm System (Beltsville, MD), which is part of the Agricultural 
Research Service of the United States Department of Agriculture. A list of the species, varieties, 
and subspecies, as well as the germplasm seed collection number, with the number of plants that 
were planted at the site, their duration and growth type (perennial or annual), that were planted at 
the St. Mary Parish Plot can be found in Appendix C.  
All legumes were planted in a greenhouse maintained at 22oC to 25oC with 60-90% 
relative humidity for 4 weeks, from January 3rd, 2010- January 24th, 2010, in 4?4 Jiffy® trays 
(containing 16 Jiffy® pots) with an autoclaved mixture of sandy soil (30%), top soil (50%), and 
mulch (20%). They were then placed outside to adapt to prevailing environmental conditions for 
2 weeks from January 24th, 2010 - February 7th, 2010, with temperatures ranging from a high of 
21oC to a low of 4oC. Five to six Scotts Miracle Grow ® fertilizer pellets were added to each pot. 
A 250-foot row in a field was plowed and prepared on February 7th, 2010 in St. Mary Parish.  
The seedlings were transplanted on February 8th, 2010. The row had two 250-foot OsmileTM 
(Parksville, Canada) soaker hoses that were connected at both ends to separate garden faucets 
and stapled into the ground near the area where the legumes were to be transplanted. The soaker 
hoses were then covered by a weed barrier tarp to prevent the legumes from being overgrown by 
weeds. Then a small square incision was made in the weed barrier tarp to transplant all legumes. 
Scotts Miracle Grow® fertilizer was added to each transplant. The legumes were watered twice 
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weekly for one hour from February 8th- June 4th, 2011. All collections were pressed in a plant 
press for later analysis. 
1.4.3 Evaluation of Wild Legumes: Native and naturalized leguminous plants within a 
radius of 1.5 miles of infected soybean fields and/or kudzu patches were observed from October-
May 2009 and October-May 2010. Infected samples were collected and observed 
microscopically and confirmed through molecular analysis following DNA extractions, PCR, 
and sequencing, then blasting against other rust sequences on GenBank 
(http://blast.ncbi.nlm.nih.gov/Blast.cgi).  Details of these procedures are presented in Chapter 
2.3.2.4. Collections of infected plants were pressed and dried using standard herbarium 
procedures and will be deposited as vouchers in the LSU Herbarium.  
1.4.4 Evaluation of Soybeans and Kudzu in SBR-Infected Areas: Three kudzu patches 
that are commonly the first areas infected with SBR were observed from October 2009-May 
2009 and October 2010-May 2010 in New Iberia Parish (29.981004oN, 91.761192oW) and two 
sites in East Baton Rouge Parish (30o24’26.47’’N, 91o07’30.04’W; 30o23’19/02’’N, 
91o05’33.50’’W). These sites were monitored weekly for SBR, and infected leaves were 
collected for DNA extraction. In addition to examining kudzu at these sites, infected leaf samples 
were collected from infected soybeans and kudzu from throughout the state in order to establish 
and maintain a collection for genetic diversity screening. All collections were pressed and dried 
in a plant press. 
1.4.5 Identification through Morphology, Fungal/Host Association and PCR 
Confirmation: 
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1.4.5a. DNA Extraction: Infected soybean or kudzu tissues were extracted with a DNA 
extraction kit (MoBio UltraClean Plant DNA Isolation Kit, MoBio Laboratories Inc., Carlsbad, 
CA) with modified protocols (Aime, 2006). To avoid cross contamination, each sample was 
carefully handled by using new latex gloves, and the samples were handled with different sterile 
tweezers and scissors for each sample. About 10-25 sori with spores were excised from the dried 
infected tissue and placed into 2mL bead solution tubes with 60µL of P1 added to the tube and 
then vortexed for 5 seconds. The tubes were then placed on a heat block for 1 hour at 65 C and 
then vortexed at maximum speed for 10 minutes. The samples were centrifuged at 10,000g for 
30 seconds and then 500 µL of supernatant from the sample were transferred to a clean 1.5 mL 
Eppendorf tube. Two hundred and fifty µL of P2 solution were added to the supernatant and the 
samples were vortexed for 5 minutes and then incubated at 4C for 5 minutes. The samples were 
then centrifuged for 1 minute at 10,000g. Afterwards, 500 µL of the supernatant were transferred 
to a clean 1.5 mL tube. One mL of P3 was added to the supernatant and vortexed for 5 seconds. 
Five hundred and fifty µL of this mixture were loaded into the spin filter and centrifuged at 
10,000g for 30 seconds, and the filtrate was discarded. This process was repeated three times. 
After the third run, 300 µL of P4 were added to the filter and centrifuged at 10,000g for 30 
seconds, and the filtrate was discarded. The filter was centrifuged for 1 minute at 10,000g to dry 
and then placed into a new 1.5 mL tube. Fifty µL of P5 solution were added to the center of the 
membrane at room temperature (22-25 C) and incubated for 5 minutes. The samples were then 
centrifuged for 30 seconds, and the filtrate was retained. The DNA samples were stored at 4C. 
1.4.5b. PCR Confirmation: The PCR cocktail consisted of 12.5 µl Promega Master Mix 
(Promega Corp., Madison, WI), 1.25µl of forward primer, 1.25µl of reverse primer, and a 1:1 or 
1:10 dilution of DNA. Cycling conditions were 94 C for 5 min, 35 cycles of 95 C for 1 min, 58C 
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for 1 min, and 72 C for 1 min followed by an extension period of 5 min at 72 C. Genes amplified 
were internal transcribed spacer rDNA (ITS) primers ITS PP3 and ITS PP5 designed specifically 
for P. pachyrhizi (Freire et al. 2008).  
1.5 Results: 
1.5.1 Field Evaluation of Alternative Hosts: In the St. Mary Parish plot, there were 82 
accessions planted of which 69 survived transplanting from the greenhouse to the field plot. Of 
those 69, only Medicago lupulina, a perennial herb, displayed signs and symptoms of rust. 
Identification was done through morphology, fungal/host relationships, and a positive or 
negative confirmation from PCR analysis with P. pachyrhizi specific primers (Freire et al. 2008). 
The rust fungus infecting Medicago lupulina was identified as Uromyces striatus, which was not 
detected by the P. pachyrhizi specific primers (Freire et al. 2008) and is a commonly known rust 
fungus in Louisiana (Aime, pers. comm..). There were no signs or symptoms of rust on any of 
the other plant species, nor did the soybean positive controls show sign or symptoms.  
1.5.2 Evaluation of Wild Legumes: Thirty eight species from 12 genera of legumes 
(Cajanus, Crotalaria, Desmodium, Lablab, Lespedeza, Medicago, Mimosa, Sesbania, Trifolium, 
Vicia, Vigna and Wisteria) were collected in close proximity to diseased soybean fields and 
kudzu patches. Under microscopic examination, 35 of the specimens did not have urediniospores 
or soral structures. The other three specimens were rust fungi that belong to the genus Uromyces.  
1.5.3 Evaluation of Soybeans and Kudzu in SBR-Infected Areas: Kudzu patches in 
New Iberia Parish and East Baton Rouge Parish were severely infected until December 31st, 
2009. From January 1st-9th, 2010, there was a severe frost that killed the kudzu foliage 
(http://www.wunderground.com/history/airport/KBTR/2009/12/31/MonthlyHistory.html#calend
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ar). The kudzu patch in East Baton Rouge was also sprayed with herbicides, which caused 
additional defoliation of the plants.  
In addition to monitoring the kudzu patches in New Iberia and East Baton Rouge Parish, 
a total of 49 infected leaf tissue samples were collected from southern United States and Taiwan. 
There were 39 samples of infected leaf tissue (28 soybean samples and 11 kudzu samples) 
collected from 26 parishes throughout Louisiana from 2008-2010 (Fig 1.1). These samples also 
included urediniospores of P. pachyrhizi collected from 2005 until 2009 in East Baton Rouge 
Parish. All samples were confirmed to be P. pachyrhizi through morphology, microscopic 
characteristics, host, and PCR analyses. 
1.6 Discussion: 
1.6.1 Field Evaluation of Alternative Hosts: The positive control did not show signs or 
symptoms of soybean rust even though the area (New Iberia and St. Mary Parish) was declared a 
“positive” site by the ipm-PIPE website from December 31st, 2009-March 20th, 2010 (Fig 1.2). I 
surmise that the extended freezes during the winter of 2009-2010, which extended to the Gulf 
Coast, were responsible for eliminating kudzu and possibly other alternative hosts.  This resulted 
in a lack of rust development in our positive controls and precluded our attempt to identify other 
leguminous species as alternative hosts for P. pachyrhizi. However, the pathogen did re-emerge 
sporadically throughout Texas and Florida from June-July, 2010, and eventually in Louisiana 
during late September, which is the same time that soybeans were being harvested, according to 
ipm-PIPE (Fig 1.2). 
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are over 50 records of other Uromyces spp. in the southern US, which have a greater chance of 
infecting other legumes as compared to P. pachyrhizi.  
1.6.3 Evaluation of Kudzu in SBR-Infected Areas: The 49 samples collected 
throughout Louisiana were confirmed to be P. pachyrhizi by comparing DNA sequences of the 
internal transcribed spacer regions (ITS) following DNA extraction, PCR amplification with 
primers ITSPP3 and ITSPP5 (Freire et al. 2008), and by then comparing the sequences against 
other P. pachyrhizi strains found on GenBank (http://blast.ncbi.nlm.nih.gov/Blast.cgi). The 
Louisiana P. pachyrhizi samples were used for genetic diversity analyses as described in Chapter 
2.  
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CHAPTER 2: VARIATION IN THE ITS REGION OF PHAKOPSORA PACHYRHIZI 
2.1 Introduction:  
When SBR was first discovered in the continental United States by Schneider et al. 
(2005), soybean-growing states sought a method for tracking the movement of SBR and 
predicting potential loss from an epidemic. Soybeans are grown on over 72.7 million acres and 
generate revenues of $12.5 billion per year (U.S. Environmental Protection Agency, 2005). 
There are two known soybean rust pathogens, Phakopsora pachyrhizi and Phakopsora 
meibomiae, which are found within the continental United States and Puerto Rico. Phakopsora 
pahcyrhizi is more aggressive than Phakopsora meibomiae. Phakopsora pachyrhizi prevents the 
seeds from filling pods completely, resulting in a lower yield. Phakopsora pachyrhizi is an 
obligate pathogen. In 2003, P. pachyrhizi caused a 60-70% yield loss of Brazilian soybean, 
where the yield loss was estimated to cost $1.3 billion dollars (Yorinori et al. 2005) The yield 
loss in affected soybean fields in North America in 2005 was between 10-50% (Sconyers, 2005).  
Soybean researchers have theorized that the pathogen may migrate to major soybean producing 
states such as Illinois, South Dakota, and North Dakota as the months grow warmer, which could 
lead to billions of dollars lost in the soybean industry and cause an inflation of price for soybeans 
per bushel.  Between 2005-2009, soybean rust (SBR) was one of the most serious threats to 
soybean production. A committee of soybean researchers was assembled to aid producers in 
preventing an SBR epidemic in their fields by predicting the movement of SBR and suggesting 
the optimal time to apply fungicides. The points to be addressed were: 1) the manner by which 
extension agents would inform soybean producers about SBR and its hazards; 2) the current 
locations of infected fields; and 3) when to spray with fungicide and at what stage should the 
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producer spray before infection occurs. If producers spray continually to prevent the disease, the 
production costs for soybean will rise.  
Before SBR was discovered in the continental United States, a conventional PCR and real 
time PCR assay were developed by Frederick et al. (2002) to detect SBR and to differentiate 
between P. pachyrhizi and P. meibomiae from infected tissue. This dual detection and 
discrimination assay was developed for the following reasons: 1) the fear of SBR’s spreading to 
new geographic areas, particularly the continental United States, because of SBR establishment 
in Costa Rica, Colombia, Brazil and Puerto Rico (Frederick et al. 2002); 2) to prevent SBR 
disease from having a devastating effect on soybeans with potential yield loss similar to Taiwan 
and Brazil, where they recorded 70-80% yield losses in soybean production (Frederick et al. 
2002); and 3) to manage SBR by a control method of eradication on small acreages, since wide-
spread fungicide application would not be cost-effective.  
The Frederick et al. (2002) assay was able to correctly identify SBR. This was important 
because SBR pustules had been misidentified as bacterial pustule caused by Xanthomonas 
axonopodis pv. glycines. This assay also correctly differentiated between the two soybean rust 
pathogens.. The Frederick et al. (2002) assay tested with 13 infected soybean leaf samples (two 
from Australia, one from India, one from Indonesia, one from the Philippines, three from 
Taiwan, one from Thailand, two from Hawaii, one from Brazil, and one from Puerto Rico) with 
P. pachyrhizi and/or P. meibomiae developed several specific primers and probes for both P. 
pachyrhizi and P. meibomiae. The negative control was the bacterial pathogen Xanthomonas 
axonopodis pv. glycines. In the Frederick et al. (2002) study, the forward primer, Ppm1, and the 
reverse primer, Ppa2, with the FAM probe, which were specific for P. pachyrhizi, correctly 
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identified all P. pachyrhizi samples tested and was able to differentiate between P. meibomiae 
and P. pachyrhizi, and it did not detect Xanthomonas axonopodis pv. glycines.  
Since the development of the Frederick et al. (2002) assay and introduction of SBR in the 
continental United States, an online monitoring system, Integrated Pest Management and 
Education System (ipm-PIPE), was created to monitor the movement of the disease throughout 
the soybean-producing states. The Frederick et al. (2002) assay was used to confirm the identity 
of infected soybean or kudzu leaves as either P. pachyrhizi or P. meibomiae, and the results were 
posted on the ipm-PIPE network to alert soybean growers when to spray fungicide to prevent 
significant soybean loss. Since the Frederick et al. (2002) assay could only confirm the identity 
of P. pachyrhizi in infected tissue, there was a need to be able to predict areas that could have 
SBR infection based on long-distance and wind-dispersed spores that could possibly reach major 
soybean-producing states. In 2007, there was a major panic among soybean producers and 
pathologists when the ipm-PIPE network showed SBR infection as far north as southern Ontario, 
Canada (Fig 2.1). This led to the development of the Barnes et al. (2009) assay that was able to 
detect a single spore of P. pachyrhizi from rain wash material. The Barnes et al. (2009) assay 
was developed from infected soybean tissue using the same samples as the Frederick et al. 
(2002) assay, with 30 additional samples (two samples from Zimbabwe, one DNA-extracted 
sample from infected soybean in an unknown location but stored in a BL3 containment facility at 
Ft. Detrick, MD, and 27 samples from Florida) (Barnes et al. 2009). However, according to the 
ipm-PIPE network, scouts were not able to locate infected SBR tissue in soybean fields (Fig. 
2.3A). We concluded that this was a possible indication that the Isard et al. 2011 results (Fig 
2.3B) were based upon false positives. In addition, these false positives could cause unnecessary 
application of expensive fungicides. 
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(10 µM), 0.08 µl of reverse primer Ppa2 (10 µM), 10 µl of Titanium Taq (Clontech Inc., 
Mountain View, CA), 7.24 µl of S-HPLC (Clontech Inc., Mountain View, CA) H2O and 1 µl of 
DNA. The Quantitive PCR we used was an Applied Biosystems ABI Prism 7000 Sequence 
Detection System (Applied Biosystem Inc., Foster City, CA) with the 7000 ABI System 
Software v.1.2.3f.2 (Applied Biosystem Inc., Foster City, CA). The cycling conditions were 94C 
for 1 minute followed by 25 cycles of denaturing at 94C for 15 seconds, annealing at 65C for 15 
seconds, and extension at 72C for 15 seconds followed by an extension of 72C for 6 minutes. 
 
Table 2.1: Phakopsora spp. that were provided by the US National Fungus Collections 
  Collection Number Species Host Location 
1 U8 P. arthuriana Jatropha spp. Puerto Rico 
2 JRH 488 P. arthuriana Euphorbiaceae Puerto Rico 
3 MCA 3227 P. crotonis Croton sp. Florida 
4 U 1437 P. gossypii Gossypium sp. Brazil 
5 MCA 2888 P. meibomiae Fabaceae Costa Rica 
6 JRH 314 P. meibomiae Phaseolus multiflorous Panama 
7 JRH 612  P. meibomiae Vigna vexillata Puerto Rico 
8 JRH 456 P. meibomiae Lablab purpureus Puerto Rico 
9 JRH 284 P. meibomiae Desmodium spp. Panama 
10 U 9 P. nishidana Ficus carica Puerto Rico 
11 U 573 P. pachyrhizi Soybeans Louisiana 
12 U 644 P. pachyrhizi Soybeans Zimbabwe 
13 JRH 476 P. tecta Commelinaceae Puerto Rico 
14 MCA 2965 P. tecta Commelina diffusa Hawaii 
15 JRH 137 P. tecta Commelinaceae Costa Rica 
16 U 536 P. tecta Aneilema spp. South Africa 
 Table 2.1 shows the species that were tested against the Frederick et al. (2002) and 
Barnes et al. (2009) assays.  
 
2.3.1c Quantitative PCR with the Barnes et al. (2009) Assay. This test was conducted 
three times due to limited DNA. Quantitate PCR: The following protocol is a modified version of 
the Barnes et al. (2009) assay that was used by Isard et al. (2011). Stage 1 was done using 
conventional PCR, and the primary master mix per sample consisted of 1µl of Titan Buffer 10X, 
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0.50 µl of dNTP(2mM), 0.08 µl of forward primer ITS1RustF4A (10 µM), 0.08 µl of reverse 
primer ITS2PpaR2 (10 µM), 10 µl of Titanium Taq, 7.24 µl of S-HPLC H2O and 1 µl of DNA. 
The cycling conditions were 95C for 2 minutes followed by 20 cycles of denaturing at 95C for 
15 seconds, annealing at 60C for 30 seconds, and extension at 72C for 1 minute. 
Stage 2 was done using qPCR and the primary master mix per sample consisted of 0.50 
µl of the forward primer ITS1RustF10d, 0.50 µl of the reverse primer ITS1Rust3d, 1.00 µl of the 
P. pachyrhizi specific probe, ITS1PhpFAM1, 2 µl of S-HPLC H2O, 5 µl of Quantitect 2X, and 
dilutions of either 1:1, 1:10, 1:100, and 1:1000 from the stage 1 PCR product. The cycling 
conditions were 95C for 15 minutes followed by 49 cycles of denaturing at 95C for 15 seconds 
and annealing at 60C for 1 minute followed by a measurement of the quencher.  
2.3.2 Determining the Variation among Phakopsora pachyrhizi Strains. 
2.3.2a Material: To measure the diversity of the variability within ITS rDNA region of 
SBR, a total of 50 samples of infected tissue from soybeans and kudzu leaves were collected 
throughout the southern United States and Taiwan. In Louisiana, 18 infected kudzu leaves and 11 
infected soybean leaves were gathered from 29 different parishes. An additional 21 samples of 
infected soybeans and kudzu leaves were collected from Texas, Alabama, Tennessee, Georgia, 
Florida and Taiwan (Appendix D). Specimens were dried in a plant press and voucher material 
has been deposited in Louisiana State University Museum (LSUM). 
2.3.2b. DNA Extraction: Infected leaves were extracted with the MoBio UltraClean 
Plant DNA Isolation Kit (MoBio Laboratories Inc., Carlsbad, CA) with modified protocols 
(Aime, 2006). To avoid cross contamination, each sample was carefully handled using new 
gloves and scrap paper, and the samples were extracted with different sterile tweezers and 
scissors. Approximately 10-25 individual sori with spores were cut out of a single leaf per 
  
27 
 
sample and placed into 2mL bead solution tube with 60µL of P1 added to the tube and vortexed 
for 5 seconds to mix. The tubes were then placed on the heat block for 1 hour at 65 C and then 
vortexed at maximum speed for 10 minutes. The samples were centrifuged at 10,000g for 30 
seconds, and then 500 µL of supernatant from the sample was transferred to a clean 1.5 mL eppi 
tube. 250 µL of P2 solution was added to the supernatant then the samples were vortexed for 5 
minutes and then incubated at 4C for 5 minutes. Then the samples were centrifuged for 1 minute 
at 10,000g. Afterwards, 500 µL of the supernatant was transferred to a clean 1.5 mL eppi tube. 
1mL of P3 was added to the supernatant and vortex for 5 seconds. 550 µL of the mixture was 
loaded into the spin filter and centrifuged at 10,000g for 30 seconds, then the flow-through was 
discarded. This process was repeated 3 times. After the 3rd time, 300 µL of P4 was added to the 
filter and centrifuged at 10,000g for 30 seconds and the flow-through was discarded. The filter 
was centrifuged for 1 minute at 10,000g to dry and then placed into a new 1.5 mL eppi tube. 50 
µL of P5 solution was added to the center of the membrane at room temperature (~22-25 C) for 5 
minutes. The samples were centrifuged for 30 seconds and the spin filter was discarded. The 
DNA samples were stored at 4C. We then checked for the quantity of DNA using the NanoDrop 
Spectrophotometer ND-1000 (Thermo Scientific, Wilmington, DE.) 
2.3.2c. PCR Confirmation: Conventional PCR: The PCR cocktail consisted of 12.5 µl 
Promega (Promega Corp., Madison, WI) Master Mix, 1.25µl of forward primer and 1.25µl of 
reverse primer, and a 1:1 or 1:10 dilution of DNA. Cycling conditions were 94 C for 5 min, 35 
cycles of 95 C for 1 min, 58C for 1 min, and 72 C for 1 min followed by an extension period of 5 
min at 72 C The ITS region was amplified with primers ITS PP3 and ITS PP5 designed by Freire 
et al. (2008) and then running the PCR products on 1% agarose gel (Bio-Rad Inc., Hercules, CA) 
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at 80 voltage for 60 minutes on a Bio-Rad Power Pac Basic Gel Electrophoresis (Bio-Rad Inc., 
Hercules, CA). 
2.3.2d. Cloning  
2.3.2.1 Cleaning of PCR Products: 3M sodium acetate (pH 5.2) was added to 20 µl of  
PCR product, followed by an addition of 50 µl of 100% EtOH (stored at -20C), and the samples 
were mixed. The samples were centrifuged for 20 minutes at 13rpm. After centrifugation, the 
supernatant was removed and a visible pellet formed at the bottom of the tube. 300 µl of 70% 
EtOH was added to resuspend the pellet and then spun for 5 minutes at 13,000 rotations per 
minute (rpm). The EtOH then spun for an additional for 10 seconds to remove residual ethanol. 
The PCR product was then checked on the BioRad Gel Electrophoresis instrument to determine 
the amount of PCR product.  
2.3.2.2 Ligation of PCR into pGEM-T Vector: PCR product was ligated into pGEM-T 
vector (Promega Corporation, Madison, WI). Master mix per sample consisted of 1.5 µl of clean 
PCR product, 2.5 µl of ligation buffer, 0.5 µl of pGEM-T vector, and 0.5 µl of T4 ligase as 
instructed by the manufacture.  
2.3.2.3 Transformation of Vector into Competent Escheria coli Cells: Ligated PCR 
products were added to 50 µl of competent E. coli (ATCC® 25922) cells for 20 minutes on ice. 
After 20 minutes, the cells were heat-shocked at 42C for 2 minutes. Then 900 µl of LB broth 
(heated to 37C) from Fisher Scientific Corporation (Pittsburg, PA) were added to the cells and 
then placed on ice for 2 minutes. The cells were then placed in an incubator at 37C for 60 
minutes. Afterwards, the cells were spun down for 2 minutes at 6,000 rpm and 800 µl of the 
supernatant were removed and the cells re-suspended in the remaining liquid. The cells were 
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plated on LB agar Fisher Scientific Corporation (Pittsburg, PA) amended with ampicillin and 
incubated for 12 hours. After incubation, the plates were stored at 4C.  
 2.3.2.4. Confirmation of Cloning and Sequencing: Eight colonies were selected from 
each LB agar with ampicillin plate, based on their larger colony appearance and lack of satellite 
colonies surrounding them, and streaked onto a patch plate of LB agar with ampicillin, which 
was stored for 30 days at 4C. Colony PCR was used to confirm that selected clones had taken up 
the PCR product by placing the cocktail on ice and using a sterile toothpick to transfer a pin-
point amount of the culture to the cocktail, which was then placed into the thermal cycler. The 
PCR cocktail and program are the same as those in section 2.1.3b. PCR products were observed 
with a Kodak Gel Documentation 1600 series on a 1% agarose gel. PCR products showing a 
300-400bp product were sent to Beckman Coulter, Inc. (Morrisville, NC) 
(http://www.beckmangenomics.com/genomic_services/dna_sequencing.html) for sequencing 
using the primers ITSPP3 and ITSPP5. Sequencher v.4.1.4. (Gene Codes Corp., Ann Arbor, MI) 
and blasted in GenBank (http://www.ncbi.nlm.nih.gov/) using blastn searching tools to confirm 
identity. 
 2.3.2e Phylogenetic Analyses: Alignment of the multiple sequences were done by 
Molecular Evolutionary Genetic Analysis, MEGA 5 (Tamura et al. 2011; 
http://www.megasoftware.net/)  and then done by eye, using the program Se-Al v2.0a11 
(Andrew Rambaut, Dept. Zoology, University of Oxford, U.K.; http://evolve/zoo/ox/ac/uk/) with 
other reference sequences of Phakopsora spp. for the ITS (dataset 1). Alignments were analyzed 
in PAUP v4.0b10 (Swofford 2002). Dataset 1: The ITS gene final datasets were as follows: a final 
alignment of 718 bps was constructed with the variable regions to exclude from analysis: 
position 1-10, 19-21, 85-88, 94-106, 135-138, 142-145, 151-154, 229-232, 255-258, 448-450, 
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464-469, 501-509, 518-520, 529-534, 538-551, 578-581, 591-595, 600-602, 613-633, 635-640, 
659-662, 679-681, 707-711 and 714-718. We provide these data for future reference. Maximum 
parsimony (MP) analyses were conducted as heuristic searches with 1000 random addition 
replicates and TBR branch swapping. Support for the branching topologies was evaluated by 
bootstrap analysis derived from 1000 replicates with 10 random additions replicated. Maximum 
likelihood (ML) analyses was done with RAxML-HPC2 on TG program by Cyberinfrastructure 
for Phylogenetic Research (CIPRES) Science Gateway (developed by Miller et al. (2010); 
(http://www.phylo.org/portal2/login!input.action). Neighbor-joining analyses (NJ) were 
conducted using uncorrected (“p”) distances and assessed by 1000 bootstrapping replicates. 
Although the dataset was analyzed by NJ and MP these results are not shown. 
2.3.2f. Validating the Current qPCR Assays against False Negative Results through 
Cloned DNA: The Barnes et al. (2009) assay was run on each clone that had been confirmed (by 
blastn) as carrying a P. pachyrhizi ITS insert. The same methodology was used as in 2.3.1c 
Quantitative PCR Confirmation for the Barnes et al. 2009 protocol. 
2.4 Results: 
 2.4.1. Detection of other Phakopsora spp. through qPCR. 
 2.4.1a. Frederick et al. 2002 Assay: We evaluated 15 isolates representing six species of 
Phakopsora in the Frederick et al. (2002) assay (Table 2.2). Using the Frederick et al. (2002) 
assay with our collection of isolates, we found that their primers and probe detected both species, 
but they did not detect the other five species in our study even though they had shared a 95-100% 
match identity with all Phakopsora spp. tested (Appendix E, F, G).  
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Table: 2.2 Phakopsora spp. tested against the Frederick et al. (2002) 
assay 
  Collection Number Species Detection CT Value 
1 U8 P. arthuriana - None 
2 JRH 488 P. arthuriana - None 
3 U 1437 P. gossypii - None 
4 MCA 2888 P. meibomiae (+) or (-) 30 
5 JRH 314 P. meibomiae (+) or (-) 29 
6 JRH 612  P. meibomiae - None 
7 JRH 456 P. meibomiae (+) or (-) None 
8 JRH 284 P. meibomiae (+) or (-) 30 
9 U 9 P. nishidana - None 
10 U 573 P. pachyrhizi + 16 
11 U 644 P. pachyrhizi + 19 
12 JRH 476 P. tecta - None 
13 MCA 2965 P. tecta - None 
14 JRH 137 P. tecta - None 
15 U 536 P. tecta - None 
Table 2.2 shows that the Frederick et al. (2002) assay had a strong detection of P. 
pachyrhizi if the assay’s results have a cycle threshold (CT) value that was between 15-25. A CT 
value of 25-30 could indicate a false positive result. In this experiment, all of the P. pachyrhizi 
samples had a CT value in the range of 18-25. However, P. meibomiae had a CT value of 24, 
which could indicate a false positive result of P. pachyrhizi and a CT value of 29 which also 
could be misinterpreted as P. pachyrhizi.  
 
2.4.1 b. Barnes et al. 2009 Assay: Five species of Phakopsora (P. arthuriana, P. 
crotonis, P. gossypii, P. nishidana, and P. tecta) were tested in addition to P. pachyrhizi and P. 
meibomiae. First round of PCR with external primers ITS1rustF4a and Ppa2 amplified only P. 
pachyrhizi samples. PCR products were then diluted (1:1, 1:10, 1:100, or 1:1000) and used as 
template for subsequent qPCR with nested primers ITS1rustF10d and ITS1rustR3d and probe 
ITS1PhpFAM1.  During the 1st round of PCR (conventional), only P. pachyrhizi was detected. 
However during the 2nd round of PCR (qPCR), all five species of Phakopsora tested positive for 
the presence of P. pachyrhizi, even though there was no P. pachyrhizi present in the DNA and 
each Phakopsora spp. sample had varying CT values with dilutions of 1:1. PCR products that 
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were diluted 10-fold to 100-fold tested positive for all species more than once, except P. gossypii 
(Table 2.3). 
 
Table 2.3: Phakopsora spp. tested against the Barnes et al. (2009) assay 
  Collection Number Species 
CT value 
range 
1:10 
Dil. 
1:100 
Dil. 
1:1000 
Dil. 
1 U8 P. arthuriana 25-30 - + - 
2 JRH 488 P. arthuriana 25-20 - - - 
3 MCA 3227 P. crotonis 25-30 + + - 
3 U 1437 P. gossypii 29-35 + - - 
4 MCA 2888 P. meibomiae None - - - 
5 JRH 314 P. meibomiae 34 + - - 
6 JRH 612  P. meibomiae None - - - 
7 JRH 456 P. meibomiae 30-35 + + + 
8 JRH 284 P. meibomiae None - - - 
9 U 9 P. nishidana 30-35 + - - 
10 U 573 P. pachyrhizi 15-25 + + + 
11 U 644 P. pachyrhizi 15-25 + + + 
12 JRH 476 P. tecta 20-25 - + - 
13 MCA 2965 P. tecta 20-25 + + - 
14 JRH 137 P. tecta 20-25 - + - 
15 U 536 P. tecta 20-25 - - - 
 Table 2.3: Shows the samples that were consistently positive at their respective dilutions 
(Dil.) and the range of their CT values. 
 
We compared the primer and probe to sequences of the other five tested Phakopsora spp. 
(Aime and Hambleton, unpublished data) which had demonstrated that the nested primers shared 
98% identity (43/44 bp) with P. tecta and 95% identity (42/44 bp) with P. nishidana, P. 
meibomiae and P. pachyrhizi. Additionally, P. pachyrhizi-specific probe ITS1PhpFAM1 was 
found to share 81% identity (25/31 bp) with P. tecta (Fig. 2.6).  
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Figure 2.7 demonstrates the variation of infected soybean and kudzu samples from 
southern United States compared to other P. pachyrhizi ITS sequences on GenBank, using 
maximum parsimony. Column 1 shows sequences with a single SNP of TCTT (red dots) versus 
TTTT (no dots). Column 2 shows the differences between multiple indels between base pair 
position 25-37 where the indel, AAAAAAAAA--, is represented by the purple dots; the indel, 
AAAAAAAAAAA, is represented by the black dots; the indel, AAAAAAAA---, is represented 
by the green dots; and the indel, AAAAAAA----, is represented by the yellow dots. Column 3 
shows sequences with an indel of CCCTTAAAAAAAAA (orange dots) versus CC-TTAAAAA-
--- (no dots) at 231-272 base pairs. Column 4 shows sequences with three base pair SNP of TCT 
(blue dots) versus AAA (no dots). Column 5 shows sequences from soybeans (S) versus kudzu 
(K). Column 6 provides the state of origin (LA, TN, GA, or AL). Column 7 provides the year of 
collection (2005 or 2009).   
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does not change within a species but differs among closely related species. Because this region is 
conserved within P. pachyrhizi and other Phakopsora spp., it is theoretically possible for the 
Frederick et al. (2002) forward primer and probe to anneal to other Phakopsora template 
(Appendix E-F). In addition, when comparing the forward primer (Ppm1), reverse primer (Ppa2), 
and FAM specific probe to other Phakopsora spp., there was a ≥90% shared identity (Appendix 
G) indicating that these primers could potentially detect these other species. However this assay 
did not test positive for the presence of P. pachyrhizi with any other Phakopsora spp.  
The intended use of the Frederick et al. (2002) assay, to diagnose infected leaf tissue, 
performed well in this study; however it is uncertain how well it will work for wind dispersed 
spores. The Frederick et al. (2002) assay has been able to detect P. meibomiae in previous 
experiments (Hambleton, pers. comm. 2010) and in this experiment (Table 2.2), but only with 
CT values over 30. The Frederick et al. (2002) assay needs to be improved for disease diagnosis, 
especially where P. pachyrhizi and P. meibomiae infect the same tissue. In addition, the 
Frederick et al. (2002) assay would not be useful in aerobiology studies, because P. meibomiae 
could potentially give false positives. 
2.5.1b Barnes et al. (2009) Assay— The primers and probes of the Barnes et al. (2009) 
assay are placed within the more variable ITS1 and ITS2 regions of the locus. This allowed the 
primers and probes to have a better chance of detecting several strains of Phakopsora pachyrhizi, 
yet it could also be the reason that it was able to detect other Phakopsora species because of the 
similar base pair regions. Phakopsora tecta, P. crotonis, and P. gossypii are closely related to P. 
pachyrhizi (Aime and Hambleton, unpublished). However, since the Barnes et al. 2009 
publication did not test against other species of Phakopsora, and because of the positive results 
from the limited amount of Phakopsora spp., we were able to determine: 1) absolute 
  
38 
 
confirmation of a false positive detection indicating a need for a unique rDNA region for P. 
pachyrhizi compared to other species of Phakopsora and 2) design new specific primers and 
probes.  
2.5.2 Variation within the ITS rDNA of Phakopsora pachyrhizi Samples. 
 There was variation, either as a SNP or indel, among all the samples (ten different sori 
from a single leaf sample) indicating that cloned asexual reproduction from a single source is not 
likely. The amount of variation among samples (Fig 2.7) indicates that SBR is either sexually 
recombining or there is re-introduction of inoculum occurring every year, intragenomic variation 
or that intraspecific heterogeneity, which is variation within a single species that contains 
multiple copies of the ITS region, is occurring. There is evidence to support the re-introduction 
of inoculum every year, because there were variations even within a sample (a single leaf) that 
had different SNPs and indels combinations that were similar based on their location.  However, 
this variation within a sample could be because of intragenomic variation of the ITS locus or 
because of colonization by more than on individual P. pachyrhizi sorus. In addition, the variation 
could be caused by intraspecific variation within the ITS region which would eliminate 
intragenomic variation and colonization by different P. pachyrhizi sori theories. To determine 
whether intraspecific variation is occurring, we would need to isolate a single spore of P. 
pachyrhizi and clone the ITS region and then search for multiple copies of the ITS region. There 
have been several other rusts that are known to have variable ITS regions because of SNPs, 
indels because of colonization of a single leaf from multiple sori of the sample species, 
intragenomic variation within the locus or intraspecific variation, such as: Uromyces pisi 
(Pfunder 2001), P. hemerocallidis (Hernández et al. 2001), P. kuehnii (Virtudazo et al. 2001) and 
Melampsora epitea (Smith et al. 2004).  
  
39 
 
When comparing the variable regions among P. pachyrhizi strains, neither primers or 
probes from the Barnes et al. (2009) and Frederick et al. (2002) studies, where placed in these 
regions containing SNPs or indels. Since there were distinct clades among the SBR samples, 
each of the cloned DNA samples from LA, TN, GA, and AL from 2005-2009 were used in 
testing the Barnes et al. (2009) assay,  resulting  in a majority of the samples being detected 
(~98%) with CT values ranging from 20-35. The few samples that were not detected had varying 
CT value or were not detected at all from the analysis, yet the results were not conclusive due to 
the lack of consistency of not detecting the same cloned sample.  
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CONCLUSIONS 
 We did not find any overwintering host which could because of unusual cold weather 
since the introduction of SBR and lack of inoculum throughout southern Louisiana. If this 
project was to be repeated, I would plant all legumes from March to April so they can be well 
established in the area. I would then monitor them once a month to observe any type of rust 
fungal infections they have for the next 3 years. 
 We were able to establish that the current placement of the primers and probes are not 
good because of interspecific similarities within the ITS locus We also  had determine there is 
variation within a single isolate, however it was not conclusive if it was because of intragenomic 
variation within the ITS locus or because of multiple sources of infection. For future studies, we 
need to determine if there is a conserved region within the ITS region for Phakopsora 
pachyrhizi, where we could place new primers and probes. We also should look at conservation 
from other loci such as large subunit (LSU) rDNA or small subunit (SSU) rDNA, as possible 
regions for identification of Phakopsora pachyrhizi.  
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APPENDIX A 
GLOSSARY 
Alternative host- A plant that also can be a host to a parasitic fungus, but doesn’t complete the 
life cycle (Alexopoulos et al., 1996). 
Alternate host- One of two kinds of plants on which a parasitic fungus (e.g., rust) must develop 
to complete its life cycle (Agrios, 1997). 
Autoecious- A parasitic fungus that can complete its entire life cycle on the same host (Agrios, 
1997). 
Heteroecious- Requiring two different kinds of hosts to complete its life cycle (Agrios, 1997). 
Indel- an insertion or deletion of base pairs. 
Macrocyclic- A rust fungus that typically exhibits all five stages of the rust life cycle 
(Alexopoulos et al., 1996). 
Microcyclic- A rust fungus that exhibits less than five stages of the rust life cycle (Alexopoulos, 
1996). 
Single Nucleotide Polymorphisms (SNP)- A variation with single DNA nucleotide. 
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APPENDIX B: 
PLANTS THAT WERE TESTED AS ALTERNATIVE HOST FROM PREVIOUS STUDIES. 
 
Scientific Name Location of Infection  Diagnostic Test Used 
 Greenhouse In nature Sporulation PCR 
ELISA 
Test 
Alysicarpus rugosus +     + + 
Alysicarpus rugosus   +   +   
Astragalus canadensis +     + + 
Astragalus cicer +     + + 
Astragalus crassicarpus +     + + 
Astragalus glycyphyllos +     + + 
Astragalus glycyphyllos   +   +   
Baptisia alba var. 
macrophylla +     + + 
Baptisia alba var. 
macrophylla   +   +   
Baptisia australis +     + + 
Baptisia bracteata var. 
laevicaulis +     + + 
Cajanus cajan +     + + 
Cajanus cajan   + + +   
Calopogonium 
caeruleum +     + + 
Calopogonium 
caeruleum   + +     
Calopogonium 
mucunoides +     + + 
Calopogonium 
mucunoides   + + +   
Caragana arborescens +     + + 
Caragana arborescens   + + +   
Centrosema virginianum +     + + 
Cologania angustifolia   + + +   
Cologania angustifolia 
var. angustifolia +     + + 
Cologania angustifolia 
var. stricta +     + + 
Cologania lemmonii +     + + 
Crotalaria incana +     + + 
Crotalaria incana   + + +   
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Crotalaria lanceolata +     + + 
Crotalaria ochroleuca +     + + 
Crotalaria ochroleuca   + + +   
Crotalaria pallida +     + + 
Crotalaria retusa   +   +   
Crotalaria sagittalis +     + + 
Crotalaria sagittalis   +   +   
Crotalaria spectabilis +     + + 
Crotalaria spectabilis   + +     
Crotalaria verrucosa +     + + 
Crotalaria verrucosa   +   +   
Crotalaria virgulata ssp. 
Grantiana +     + + 
Desmodium canadense +     + + 
Desmodium canadense   + + +   
Desmodium cuspidatum +     + + 
Desmodium cuspidatum   + + +   
Desmodium obtusum +     + + 
Desmodium obtusum   + + +   
Desmodium perplexum +     + + 
Desmodium perplexum   + + +   
Desmodium tortuosum   +       
Erythrina herbacea   +       
Genista tinctoria   + + +   
Genista tinctoria +     + + 
Glycine max   +       
Glycine max +     + + 
Glycine max   + + +   
Glycyrrhiza lepidota +     + + 
Indiogodera tinctoria +     + + 
Indiogofera minitata +     + + 
Indiogofera spicata +     + + 
Indiogofera suffruticosa +     + + 
Indiogofera tinctoria   +   +   
Kummerowia stipulacea +     + + 
Kummerowia striata +     + + 
Lablab purpureus subsp. 
Uncinatus +     + + 
Lablab purpureus subsp. 
Uncinatus   + + +   
Lathyrus aphaca +     + + 
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Lathyrus aphaca   + + +   
Lathyrus latifolius   + +     
Lathyrus sylvestris +     + + 
Lespedeza bicolor  +     + + 
Lespedeza capitata +     + + 
Lespedeza cuneata +     + + 
Lespedeza cuneata   +   +   
Lespedeza cyrtobotrya +     + + 
Lespedeza cyrtobotrya   +   +   
Lespedeza thunbergii +     + + 
Lespedeza thunbergii   + + +   
Lespedeza virgate +     + + 
Lotus corniculatus +     + + 
Lotus corniculatus   +   +   
Lotus glaber ( Lotus 
tenuis) +     + + 
Lotus pedunculatus +     + + 
Lotus unifoliolatus +     + + 
Lupinis luteus   +   +   
Lupinus albus +     + + 
Lupinus albus   + + +   
Lupinus angustifolius +     + + 
Lupinus angustifolius   + + +   
Lupinus luteus +     + + 
Lupinus perennis +     + + 
Lupinus texensis +     + + 
Macroptilium 
atropurpureum   + + +   
Macroptilium 
lathyroides   + + +   
Macroptillium 
atropurpurem +     + + 
Medicago laciniata +     + + 
Medicago lupulina +     + + 
Medicago minima +     + + 
Medicago orbicularis +     + + 
Medicago polymorpha +     + + 
Medicago sativa subsp. 
Falcate +     + + 
Medicago sativa subsp. 
Sativa +     + + 
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Medicago sativa subsp. 
Sativa   +   +   
Neonotonia wightii +     + + 
Neonotonia wightii   + + +   
Phaseolus angustissimus   + +     
Phaseolus coccineus   +       
Phaseolus lunatus   +       
Phaseolus polystachios   + + +   
Phaseolus polystachios 
var. polystachios   + + +   
Phaseolus polystachios 
var. sinuatus   + + +   
Phaseolus vulgaris   +       
Pseudovigna argentea +     + + 
Pseudovigna argentea   + + +   
Pueraria lobata   +       
Pueraria phaseoloides   + + +   
Robina pseudoacarcia   +   +   
Robinia hispida   + + +   
Robinia pseudoacacia +     + + 
Robinia viscosa var. 
hartwegii +     + + 
Senna sophera +     + + 
Senna sophera   +   +   
Sesbania punicea +     + + 
Sesbania virgate +     + + 
Tephrosia cinerea +     + + 
Tephrosia cinerea   +   +   
Tephrosia purpurea +     + + 
Tephrosia purpurea   + + +   
Teramnus labialis +     + + 
Teramnus labialis   + + +   
Teramnus micans +     + + 
Teramnus repens +     + + 
Teramnus repens   + +     
Teramnus uncinatus +     + + 
Teramnus uncinatus   + + +   
Trifolium aureum  +     + + 
Trifolium cernuum +     + + 
Trifolium incarnatum +     + + 
Trifolium lappaceum +     + + 
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Trifolium reflecum +     + + 
Trifolium resupinatum +     + + 
Trifolium resupinatum   +   +   
Trifolium striatum +     + + 
Trifolium striatum   +   +   
Trifolium tomentosum +     + + 
Vigna adenantha +     + + 
Vigna adenantha   + + +   
Vigna luteola +     + + 
Vigna luteola   +   +   
Vigna unguiculata +     + + 
Vigna unguiculata   +       
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APPENDIX C: 
PLANTS THAT WERE TESTED AS POSSIBLE OVERWTINERING HOST IN ST. MARY 
PARISH. 
 
# of plants 
planted at 
St. Mary 
plot. 
Latin Name Common Name Duration Growth Type 
4 Amorpha fruticosa 
Desert False 
Indigo Perennial Herb 
1 Aeschynomene americana Shyleaf Perennial Forb/Herb/Subshrub 
3 
Aeschynomene 
50ontana50a 
var. americana 
Shyleaf Perennial Forb/Herb/Subshrub 
4 Aeschynomene evenia 
Shrubby 
jointvetch Perennial Forb/Herb 
2 Arachis hypogaea Peanut 
Annual/ 
Perennial Forb/Herb 
1 
Baptisia alba 
var. 
macrophylla 
Largeleaf 
Wild Indigo Perennial Forb/Herb 
2 Baptisia australis 
Blue Wild 
Indigo Perennial Forb/Herb 
1 
Baptisia 
australis var. 
minor 
Blue Wild 
Indigo Perennial Forb/Herb 
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7 Centrosema virginianum 
Spurred 
Butterfly Pea Perennial Vine/Forb/Herb 
1 Chamaecrista fasciculata 
Partridge 
Pea Annual Forb/Herb 
3 Chamaecrista nictitans 
Sensitive 
Partridge 
Pea 
Annual/ 
Perennial Subshrub/Forb/Herb 
1 Clitoria mariana 
Atlantic 
Pigeon 
Wings 
Perennial Vine/Herb 
2 Crotalaria incana Shake Shake 
Annual/Biennial
/Perennial Subshrub/Herb 
7 Crotalaria juncea Sunn Hemp Annual Forb/Herb 
3 Crotalaria pumila 
Low 
Rattlebox 
Annual/ 
Perennial Subshrub/Herb 
1 Crotalaria sagittalis 
Arrowhead 
rattlebox 
Annual/ 
Perennial Subshrub/Herb 
1 Dalea candida 
White 
Prairie 
Clover 
Perennial Subshrub/Forb/Herb 
4 Desmanthus illinoensis 
Illinois 
bundleflower Perennial Subshrub/Forb/Herb 
3 Desmanthus virgatus Wild tantan Perennial Subshrub/Forb/Herb 
2 Glycine soja Soybean Annual Forb/Herb 
3 Indigofera miniata 
Coastal 
Indigo Perennial Forb/Herb 
7 Lathyrus hirsutus Caley Pea Annual Vine/Herb 
7 Lathyrus latifolius 
Perennial 
Pea Perennial Vine/Herb 
7 Lens culinaris subsp. Culinaris Lentil Annual Herb 
3 Lespedeza bicolor 
Shurb 
Lespedeza Perennial Subshurb/Forb/Herb 
4 Lespedeza capitata 
Roundhead 
Lespedeza Perennial Forb/Herb 
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3 Lespedeza capitata 
Roundhead 
Lespedeza Perennial Forb/Herb 
5 Lespedeza thunbergil 
Thunberg’s 
lespedeza Perennial Subshrub 
8 Lotus corniculatus 
Bird’s-foot 
trefoil Perennial Herb 
8 Lotus tenuis 
Narrow-Leaf 
Bird’s Foot 
Trefoil 
Perennial Herb 
8 Lotus unifoliolatus 
American 
Bird’s Foot 
Trefoil 
Annual Herb 
4 
Lotus 
unifoliolatus 
var. 
unifoliolatus 
American 
Bird’s Foot 
Trefoil 
Annual Herb 
8 Macroptilium lathyroides 
Wild 
Bushbean 
Annual/Biennial
/Perennial Vine/Forb/Herb 
8 Medicago lupulina 
Black 
Medick 
Annual/ 
Perennial Herb 
8 Medicago polymorpha Burclover 
Annual/ 
Perennial Herb 
4 
Medicago 
polymorpha var. 
brevispina 
Burclover Annual/ Perennial Herb 
8 Medicago sativa subsp. Sativa Alfalfa 
Annual/ 
Perennial Herb 
8 Melilotus altissimus 
Tall Yellow 
Sweetclover 
Biennial/ 
Perennial Forb/Herb 
6 Melilotus officinialis 
Yellow 
Sweetclover 
Annual/Biennial
/Perennial Forb/Herb 
7 Melilotus speciosus Sweetclover   
8 Phaseolus lunatus Sieva Bean 
Annual/ 
Perennial Vine/Herb 
8 Phaseolus lunatus Sieva Bean 
Annual/ 
Perennial Vine/Herb 
7 Phaseolus vulgaris Kidney Bean Annual Vine/Herb 
3 Phaseolus vulgaris Kidney Bean Annual Vine/Herb 
5 Pisum sativum Garden Pea Annual Vine/Herb 
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7 Pisum sativum var. arvense Garden Pea Annual Vine/Herb 
2 
Prosopis 
glandulosa var. 
glandulosa 
Honey 
Mesquite Perennial Tree/Shurb 
3 
Pueraria 
montana var. 
lobata 
Kudzu Perennial Vine 
6 Robinia hispida Bristly Locust Perennial Tree/Shrub 
1 Senna corymbosa 
Argentine 
Senna Perennial Tree/Shrub 
4 Senna marilandica 
Maryland 
Senna Perennial Subshrub/Forb/Herb 
1 Senna occidentalis Septic Weed 
Annual/ 
Perennial Herb/Subshrub 
5 Sesbania drummondii Posion Bean Perennial Subshrub 
3 Sesbania exaltata 
Bigpod 
Sesbania 
Annual/ 
Perennial Subshrub/Herb 
1 
Sesbania 
herbacea (sent 
Sesbania 
exaltata instead) 
Big Pod 
Sesbania 
Annual/ 
Perennial Subshrub/Herb 
1 Sesbania punicea Rattlebox Perennial Subshrub/Herb 
8 Sesbania virgata Wand Riverhemp Annual Subshrub/Herb 
5 Strophostyles helvola 
Amberique-
bean Annual Vine/Forb/Herb 
4 Strophostyles leiosperma 
Slickseed 
Fuzzybean Annual Vine/Forb/Herb 
6 Stylosanthes guianensis 
Brazilian 
stylo Perennial Subshrub 
4 Stylosanthes hamata Cheesytoes Perennial Subshrub/Forb/Herb 
6 Trifolium arvense Rabbitclover Annual Forb/Herb 
8 Trifolium campestre Field Clover Annual/Biennial Forb/Herb 
8 Trifolium hirtum Rose Clover Annual Forb/Herb 
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3 Trifolium hybridum 
Alsike 
Clover 
Annual/ 
Perennial Herb 
8 Trifolium incarnatum 
Crimson 
Clover Annual Forb/Herb 
8 Trifolium pratense Red Clover 
Biennial/ 
Perennial Herb 
8 Trifolium pratense Red Clover 
Biennial/ 
Perennial Herb 
7 Trifolium 
pratense 
Red Clover Biennial/ 
Perennial 
Herb 
8 Trifolium 
reflexum 
Buffalo 
Clover 
Annual/Biennial Forb/Herb 
8 Trifolium repens White 
Clover 
Perennial Herb 
8 Trifolium repens White 
Clover 
Perennial Herb 
8 Trifolium 
subterraneum 
Subterranean 
Clover 
Annual Forb/Herb 
6 Trifolium 
vesiculosum 
Arrowleaf 
Clover 
Annual Forb/Herb 
8 Vicia 
grandiflora 
Large 
Yellow 
Vetch 
Annual Vine/Herb 
  Vicia 
ludoviciana 
Deer Pea Annual Vine/Herb 
6 Vicia sativa Garden 
Vetch 
Annual Vine/Herb 
7 Vicia villosa Winter 
Vetch 
Annual/ 
Perennial/ 
Biennial 
Vine/Herb 
4 Vigna luteola Hairypod 
cowpea 
Perennial Vine/Forb/Herb 
8 Vigna 
unguiculata 
Blackeyed 
Pea 
Annual Vine/Forb/Herb 
4 Vigna 
unguiculata 
subsp. 
Unguiculata 
Southern Pea Annual Vine/Forb/Herb 
 
 
 
 
  
55 
 
APPENDIX D: 
PHAKOPSORA PACHYRHIZI SAMPLES COLLECTED FROM UNITED STATES AND 
TAIWAN 
  Voucher Number Pathogen 
Date 
Collected Location 
North 
GPS 
West/East 
GPS Host 
1 TAR 102 P. pachyrhizi 8/31/2009
St. Landry 
Parish 
30 
33.981 
092 
03.029 W 
Pueraria 
montana 
var. lobata 
2 TAR 103  P. pachyrhizi 8/31/2009
Lafayette 
Parish 
29 
58.820 
091 
45.686 W 
Pueraria 
montana 
var. lobata 
3 TAR 119 P. pachyrhizi 9/11/2009
St. Tammy 
Parish     Glycine max
4 TAR 120 P. pachyrhizi 9/16/2009 Grant Parish 
31 
23.709 
092 
39.710 W Glycine max
5 TAR 121 P. pachyrhizi 9/3/2009 
Richland 
Parish 
32 
19.203  
091 
50.440 W Glycine max
6 TAR 122 P. pachyrhizi 9/16/2009
Caddo/Bossier 
Parish 
32 
22.829 
093 
39.811 W Glycine max
7 TAR 123 P. pachyrhizi 9/3/2009 
Evangeline 
Parish     Glycine max
8 TAR 124 P. pachyrhizi 9/15/2009
Concordia 
Parish     Glycine max
9 TAR 125 P. pachyrhizi 9/15/2009
Concordia 
Parish     Glycine max
10 TAR 126 P. pachyrhizi 9/16/2009
Natchitoches 
Parish 
31 
41.412  
093 
01.882 W Glycine max
11 TAR 127 P. pachyrhizi 9/16/2009 Bossier Parish 
32 
42.376 
093 
63.851 W Glycine max
12 TAR 128 P. pachyrhizi 9/16/2009
Concordia 
Parish 
31 
17.459 
091 
37.504 W Glycine max
13 TAR 129 P. pachyrhizi 9/18/2009
Vermillion 
Parish 
30 
00.514 
092 
21.131 W Glycine max
14 TAR 130 P. pachyrhizi 9/18/2009
Jefferson 
Davis Parish 
30 
13.630  
092 
44.444 W Glycine max
15 TAR 131 P. pachyrhizi 9/10/2009
St. James 
Parish 
29 
56.341 
090 
42.111 W Glycine max
16 TAR 132 P. pachyrhizi 9/2/2009 
St. James 
Parish 
30 
36.004 
091 
51.619 W Glycine max
17 TAR 133 P. pachyrhizi 9/16/2009
Natchitoches 
Parish     Glycine max
18 TAR 134 P. pachyrhizi 9/23/2009 EBR Parish 
30 
21.765  
091 
10.271 W Glycine max
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19 TAR 143 P. pachyrhizi 9/29/2009 
Pointe Coupe 
Parish 
30 
30.647 
091 
30.573 W Glycine max
20 TAR 157 P. pachyrhizi 9/27/2009 Allen Parish     Glycine max
21 TAR 158 P. pachyrhizi 9/25/2009 Allen Parish 
30 
33.873 
092 
40.302 W Glycine max
22 TAR 159 P. pachyrhizi 9/28/2009 
Calcasieu 
Parish 
30 
03.585 
093 
10.750 W Glycine max
23 TAR 160 P. pachyrhizi 10/1/2009 
Claireborne 
Parish 
32 
47.516 
093 
03.162 W 
Pueraria 
montana 
var. lobata 
24 TAR 161 P. pachyrhizi 10/1/2009 
Webster 
Parish 
32 
35.199  
093 
16.603 W 
Pueraria 
montana 
var. lobata 
25 TAR 162 P. pachyrhizi 10/1/2009 Union Parish 
32 
55.921 
092 
37.547 W 
Pueraria 
montana 
var. lobata 
26 TAR 163 P. pachyrhizi 10/1/2009 Union Parish 
32 
54.400 
092 
31.257 W 
Pueraria 
montana 
var. lobata 
27 TAR 164 P. pachyrhizi 9/30/2009 
Caldwell 
Parish 
32 
04.851 
092 
01.690 W 
Pueraria 
montana 
var. lobata 
28 TAR 167 P. pachyrhizi 10/8/2009 WBR Parish 
30 
46.000 
091 
31.000 W 
Pueraria 
montana 
var. lobata 
29 TAR 168 P. pachyrhizi 10/7/2009 
West 
Feliciana 
Parish 
31 
00.776 
091 
29.171 W 
Pueraria 
montana 
var. lobata 
30 TAR 169 P. pachyrhizi 10/7/2009 
East Feliciana 
Parish 
30 
55.882 
090 
58.129 W 
Pueraria 
montana 
var. lobata 
31 TAR 170 P. pachyrhizi 10/7/2009 St. Helena 
30 
55.829 
090 
39.603 W 
Pueraria 
montana 
var. lobata 
32 TAR 172 P. pachyrhizi 10/10/2009 Alabama     Glycine max
33 TAR 188 P. pachyrhizi 10/10/2009
Berrien 
County- 
Georgia 
    Glycine max
34 TAR 189 P. pachyrhizi 10/10/2009
Lanier 
County, 
Georgia 
    Glycine max
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35 TAR 190 P. pachyrhizi 10/12/2009
Madison 
County, 
Tennessee 
    Glycine max
36 TAR 191 P. pachyrhizi 10/13/2009
Bryan 
Country, 
Georgia 
    Glycine max
37 TAR 192 P. pachyrhizi 10/11/2009
Tallahassee, 
Florida     Glycine max
38 TAR 193 P. pachyrhizi 10/11/2009 Georgia     Glycine max
39 TAR 198 P. pachyrhizi 10/25/2009
West Baton 
Parish 
30 
28.086 
91 16.291 
W Glycine max
40 TAR 224 P. pachyrhizi 2005 
Baton Rouge, 
Louisiana -
Ben Hur 
    Glycine max
41 TAR 225 P. pachyrhizi 2006 
Baton Rouge, 
Louisiana- 
Ben Hur 
    Glycine max
42 TAR 226 P. pachyrhizi 2007 
Baton Rouge, 
Louisiana- 
Ben Hur 
    Glycine max
43 TAR 227 P. pachyrhizi 2008 
Baton Rouge, 
Louisiana- 
Ben Hur 
    Glycine max
44 TAR 228 P. pachyrhizi 2008 
Baton Rouge, 
Louisiana- 
Ben Hur 
    Glycine max
45 ASIA 36 P. pachyrhizi 6/9/2011 
Pingtung, 
Taiwan 
22 
44.315 
120 
28.659 E Glycine max
46 ASIA 88 P. pachyrhizi 6/26/2011 
HWY 9, East 
Taiwan 
23 
42.860 
121 
24.819 E Glycine max
47 ASIA 113 
P. 
pachyrhizi 7/5/2011 
Wangrong, 
Taiwan 
 23 
54.007 
121 
31.452 E Glycine max
48 ASIA 114 
P. 
pachyrhizi 7/5/2011 
Wangrong, 
Taiwan 
23 
53.950 
121 
31.411 E Glycine max
49 ASIA 118 
P. 
pachyrhizi 7/6/2011 
Wangrong, 
Taiwan 
 23 
50.553 
121 
29.432 E Glycine max
50 ASIA 120 
P. 
pachyrhizi 7/6/2011 
Wangrong, 
Taiwan 
 23 
35.958 
121 
22.719 E Glycine max
51 ASIA 121 
P. 
pachyrhizi 7/6/2011 
Wangrong, 
Taiwan 
 23 
35.958 
121 
22.719 E Glycine max
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52 TAR 261 P. pachyrhizi 12/2005 
Liberty 
County- 
Dayton HWY 
90, TX 
    
Pueraria 
montana 
var. lobata 
53 TAR 262 P. pachyrhizi 12/13/2008
Livingston, 
TX- Polk 
County 
    
Pueraria 
montana 
var. lobata 
54 TAR 263 P. pachyrhizi 12/13/2008
Dayton HWY 
90- Liberty 
County, TX 
    
Pueraria 
montana 
var. lobata 
55 TAR 264 P. pachyrhizi 12/13/2008
Dayton HWY 
90- Liberty 
County, TX 
    
Pueraria 
montana 
var. lobata 
56 TAR 265 P. pachyrhizi 2/27/2008 Weslaco, TX     Glycine max
57 TAR 266 P. pachyrhizi 10/20/2008
Dayton HWY 
90- Liberty 
County, TX 
    
Pueraria 
montana 
var. lobata 
58 TAR 267 P. pachyrhizi 2/15/2007 
Hidalgo 
County, 
Monte Alto, 
TX 
    Glycine max
59 TAR 268 P. pachyrhizi 2/27/06 Weslaco, TX     Glycine max
60 TAR 269 P. pachyrhizi 12/2005 
Liberty 
County- 
Dayton HWY 
90, TX 
    
Pueraria 
montana 
var. lobata 
61 TAR 270 P. pachyrhizi 8/25/2006 
Liberty 
County- Sled 
Road, TX 
    Glycine max
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